For this study, electrical discharge machining (EDM) and the submerged arc discharge method (SADM) were used to melt a silver-copper composite metal in deionized water through concentrated arc energy in order to produce metal fluids containing nano-and submicron particles. The fabrication process did not require additional chemicals, and was simple and efficient. The critical processing parameters for EDM were the discharge voltage and current as well as the on-off duration for pulse discharge; the sample concentration could be controlled under appropriate conditions. The experimental results revealed that, through electronic system design and manufacturing (ESDM), silver-copper composite metal particles could be achieved at a nano to submicron level. In addition, the results obtained varied according to differences in the on-off duration regarding pulse discharge. In this study, when the discharging parameter (T on -T off ) was at 30 : 50, nanocomposite fluids with an optimal concentration and small particles were obtained. The application of EADM could enable the mass production of composite metal fluids or particles at low cost and high efficiency. Employing EADM for the fabrication of composite metal fluids or particles warrants research attention, and the process itself can be developed further.
Introduction
Ag and Cu are highly conductive metals. Ag and Cu nanomaterials have been widely employed in numerous areas (e.g., medicine, catalysis, 1, 2) chemical engineering, sensors, 3) optical and biological devices, 47) and in the electronics industry. 810) Turkevich was the first person to fabricate bimetallic nanoparticles with a core-shell structure. Turkevich first fabricated core-shaped metal nanoparticles through homogeneous nucleation. He subsequently used the second type of metal ions to coat the core-shaped metal particles through inhomogeneous nucleation, thereby obtaining a core-shell bimetallic structure.
Numerous researchers have employed various methods in their study of nanocomposite metal fluids. The following are examples: Toshima applied the alcohol reduction method to fabricate copper-palladium, copper-platinum, and gold-palladium bimetallic nanoparticles. 11, 12) El-Sayed employed the synchronous reduction method to extract gold and silver ions from sodium citrate, and to produce gold-silver alloy nanoparticles. 13) Natan was the first person to fabricate gold nanoparticles, before adding silver salts to the gold nanoparticle solution in order to obtain a silver coating on the surface of the gold particles, thus producing bimetallic particles characterized by a gold core and a silver shell. 14) Mizukoshi and Nagata adopted an ultrasonic resonance method to obtain gold-palladium core-shell nanoparticles. 15) Delcourt employed a photochemical method to produce goldplatinum and silver-platinum bimetallic nanoparticles. 16 ) By contrast, Chen utilized the microemulsion method to obtain gold-silver bimetallic nanoparticles. 17) Yeh applied laser irradiation to obtain gold-silver alloy nanoparticles from a mixture solution composed of gold and silver nanoparticles. 18) Kim submerged a gold-silver alloy metal sheet into an aqueous solution before applying a laser on the metal sheet, thereby yielding gold-silver alloy nanoparticles. 19) Nakamura employed the chemical reduction method to obtain silver-copper composite nanoparticles, 20) whereas Esumi utilized the reduction method to produce silverpalladium alloy nanoparticles. 21) Henglein adopted the radiation-reduction method to achieve bimetallic nanoparticles with a palladium core and a silver shell. 22) Tseng employed electrical discharge machining (EDM) and the submerged arc discharge method (SADM) to melt conductive metals into various types of nanometal colloids through concentrated arc energy (e.g., nanosilver, 23) nanogold, 24) nanocopper, 25) and nanoaluminum, 26) and to explore the relationships between the characteristics of silver, copper, and titanium nanofluids and the EDM process parameters. 27) In this study, the SADM was employed to produce nanosilver-copper composite metal fluids (i.e., the positive electrode of a metal rod was silver, and the negative electrode was copper; both electrodes were submerged in dielectric fluid). A switch knob was used for polarity control; the polarity was adjusted every 30 s to reduce the weight of silver and copper considerably, so that similar concentrations of both could be obtained. During the production process, when the gap between the positive and the negative electrodes of a material became sufficiently small, electric arc discharging (plasma) 28) occurred, followed by heating, which reached a high temperature of 1500 to 5000 K. Silver and copper particles were produced at a high temperature because of ionization occurring on the surface of the electrodes, and after cooling in the dielectric fluid, the nanosilver-copper composite metal fluids were obtained.
Experimental Setup
The submerged arc discharge method used in this study consists of (1) The servo control system which can control the distance between the gap; (2) the power supply system which can modify arc discharge parameters; (3) the isothermal system provide constant temperature. The SADM took the usage of the high temperature which was produced by the arc to melt the surface of the anode. Simultaneously, the arc column impact the electrode in the dielectric fluid and stirred away from the electrodes. The gap between the electrodes became insulation again. The process of the SADM is shown in Fig. 1 . Figure 1 (a) displays the SADM system. As shown in the figure, the silver and copper wires (purity: 99.99%) had a diameter of 1 mm. They served as the anode and cathode, respectively, and were submerged in deionized water (Milli-Q, 18.2 M³·cm) or in 95% ethanol (EtOH). The servo system made appropriate adjustments consistently regarding the distance between the two electrodes during the discharging process in order to trigger an arc discharge (plasma) at the tip of both electrodes submerged in the dielectric fluid. The gap between the two electrodes was regulated at approximately 30 µm, as shown in Fig. 1(b) . After the arc discharge occurred for the on-duration, the metal particles sputtered onto the electrode surface, as shown in Fig. 1(c) . The two electrodes subsequently became isolated for the off-duration, until the next discharging cycle. A stirring bar and a magnetic stirrer were installed at the bottom of a collection tank. During the discharging process, the metal particles were stirred until they were evenly distributed in the dielectric fluid, as shown in Fig. 1(d) .
Materials and preparation
Configuring process parameters of silver-copper composite metal fluid. For the experiment, silver and copper wires with a diameter of 1 mm were used. According to the experimental conditions regarding the preparation parameters for silver and copper, when T on was lower than T off , the preparation efficiency for the nanofluid was optimal. Accordingly, Table 1 shows the preparation parameters of the alloy, and the condition under which T on was greater than T off was not considered.
Analysis equipment
In this study, deionized water and (EtOH) were used as a medium liquid to produce silver and copper particles. Regarding the particle surface, a scanning electron microscope (SEM) and energy-dispersive X-ray spectroscopy (EDX) were used to analyze the proportion of elements in the samples, and to identify the material composition of the samples fabricated employing the SADM. The X-ray diffraction method was adopted to analyze the lattice structure of the samples. In addition, a Zetasizer nanosystem was employed to examine how the distribution of the particle diameter as well as the surface potential of the silver and copper particles affect suspension stability, and to observe the particles in various dielectric fluids.
Applying the capacitor charging method to improve
zeta potential in metal nanoparticles In this experiment, the SADM was employed. For this method, deionized water, EtOH, and a silver-copper rod were used to produce silver-copper nano-composite metal fluids without adding chemicals. After the fabrication, the color of it is black and the particle can be seen at the bottom of the fluid. The experimental results revealed that the interfacial potential of the silver-copper nano-composite metal fluids was extremely small; after a certain period, the interfacial potential approximated 0 mV, and the nanoparticles precipitated to the bottom of the container. Because the zeta potential was extremely small, the particles became precip- Table 1 Parametric values for the discharging control panel to fabricate nanocomposite metal fluids.
Parameter settings for Ag-Cu composite fluids itates after a short period, as shown in Fig. 2 . In this study, the capacitor charging method was used to charge nanofluid. In addition, electric energy was employed to stimulate the characteristics of free electrons, and to examine whether the zeta potential of the nanoparticles could be raised, as shown in Fig. 3 . In accordance with the capacitance principle, two pieces of copper foil were affixed to a burette and used as the positive and negative electrodes of a capacitor. The two electrodes were connected to a 600-V power supply unit. The wall of the burette and the silver-copper nanocomposite fluid were used as the dielectric material, the structure of which acted as a capacitor. Because of the polarity of the zeta potential, attraction or repulsion occurred between the nanoparticles and the inner wall of the burette. Charged ions in the medium liquid were also affected, thereby permitting an examination of any improvements in the suspension stability of the nanoparticles.
Results and Discussion

Fabricating silver-copper alloy nanoparticles
According to the parameter in Table 1 , nanocomposite silver-copper fluid is fabricated. For structural equation modeling (SEM) analysis, a carbon film was used as a carrier. Oxygen typically accompanied the carbon film, and therefore, C and O were present, according to energydispersive X-ray spectroscopy (EDX) analysis. Fig. 5 , a circular particle contained another circular particle, and thus, the samples fabricated for this study were core-shell alloy nanoparticles.
T on -T off analysis for silver-copper composite fluids
As described, regarding the optimal parameters for the production of silver-copper nanocomposite metal fluids, T on for silver and copper must be smaller than T off in order to obtain satisfactory parameters. Therefore, in the experiment, T on must be set to be smaller than T off , so that the parameters can be compared under various ratios. The details are as follows: 3.2.1 T on -T off analysis for silver-copper composite fluids with equal proportions of silver and copper (a) T on -T off analysis for silver-copper composite fluids with equal proportions of silver and copper. During the fabrication of the nanocomposite metals, a knob was required to adjust the polarity and to equalize the mass loss for both silver and copper. If the mass loss ratio between silver and copper differed substantially, the proportion of the metal that lost more weight was higher in the fabricated alloy nanofluid. When a metal that lost more weight probably could not form alloy particles, it became condensed into single metal particles under pure water. As shown in Table 3 and Fig. 6 , in this study, for T on -T off analysis, the proportions of silver and copper in the silver-copper composite nanoparticles were set to be equal in order to observe the mass loss of the positive and negative electrodes, and to determine the optimal parameters for the nanocomposite metal fluids. 50 : 50, 100 : 100, and 150 : 150, the mass loss of the positive and negative electrodes was nearly identical. For the 100 : 100 ratio, the electrodes lost the most weight. Therefore, for that ratio, the success rate for discharging was relatively higher. In addition, more alloy nanoparticles were present in the fluid. (b) As shown in Table 4 , the particle size and zeta potential were compared under various silver and copper ratios. By the SADM, the mass loss is the most and the size of the particle is the biggest. As shown in Fig. 7 , for the 100 : 100 ratio, the particle size was approximately <200 nm, which was also the maximum size. As shown in Fig. 8 , for a ratio of 150 : 150, the zeta potential was smallest; for a ratio of 10 : 10, the particles were smallest, and the zeta potential was largest. Therefore, for equal ratios, a ratio of 10 : 10 was optimal. Regarding the parameters of equal ratios, the results revealed that when T on -T off = 10 : 10, the particles were smallest, and the absolute value of the zeta potential was largest.
with unequal proportions of silver and copper T on -T off analysis for silver-copper composite fluids with unequal proportions of silver and copper. As shown in Table 5 and Fig. 9(a) , regarding mass loss under unequal ratios of silver to copper, for a ratio of 10 : 150, the minimum difference between the two electrodes was noted. By contrast, ratios of 10 : 50, 10 : 100, 30 : 50, 30 : 150, and 50 : 150 
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resulted in maximum mass loss. With these five ratios, the highest discharge success rate was obtained for the silvercopper composite fluids. With ratios of 30 : 100 and 100 : 150, large particles and a small zeta potential were present. After the two ratios were eliminated, the particle size and zeta potential were compared for other ratios.
(a) In the Ratios of 10 : 10 10 : 30 10 : 50 10 : 100 and 10 : 150, the maximum size happened in 10 : 50. When T off is smaller than 50 µs, although the total time is longer, the time for the particle to defuse to the dielectric fluid is not enough. This is the reason that the number of silver-copper composite decreased. On the other hand, when T off is larger than 100 µs, T off is too long and the silver-copper composite number is low. The size of it is smaller than the case of 10 : 50. the maximum size happened in 30 : 100. When T off is smaller than 100 µs (the cases of 30 : 30 and 30 : 50), although the total time is longer, the time for the particle to defuse to the dielectric fluid is not enough. This is the reason that the number of silver-copper composite decreased. On the other hand, when T off is larger than 100 µs (the cases of 30 : 150), T off is too long and the silver-copper composite number is low. The size of it is smaller than the case of 10 : 50. Table 4 and 5, when T on = 50 and 100 µs, the biggest size happened when T off is the longest. It is assume that during the melting, the time is not enough to make the composite to diffuse to the dielectric fluid. Therefore, the longer T off is, the bigger particle size is. And it is also assumed that the increase of the particle size will make the particle size smaller. Figure 9 (d) shows that 50 : 100 is better. (d) Among ratios of 10 : 100, 10 : 150, 30 : 50, and 50 : 100, the success rates of discharging for the ratios of 10 : 100 and 30 : 50 were relatively higher; by contrast, the particles obtained with the 30 : 50 ratio were smaller than those yielded with the ratio of 10 : 100.
(e) In summary, when T on -T off = 30 : 50, the parameters were optimal. For parameters with unequal ratios, the amount of total mass loss was used to infer the success rate of discharging for the samples, and to select the sets with the maximum mass loss. Because of the high success rate of discharging, the material removal rate was high. After the sets with high success rates for discharging were selected, the particle size was referred to in order to identify sets with small particles. Because of minor differences in the absolute value of the zeta potential among the various parameters, the parameter with the smallest zeta potential was removed, and the other parameters were used as a reference. 3.2.3 T on -T off analysis for silver-copper composite fluids with equal and unequal proportions of silver and copper After the parameters of the silver-copper composite fluids with equal and unequal proportions of silver and copper were compared, two optimal parameters (i.e., 10 : 10 and 30 : 50) were examined. When the ratio was set as 30 : 50, the value of total mass loss was high and the particles were small, as was the absolute value of the zeta potential. For the fabrication of the silver-copper nanocomposite metal materials, the optimal ratio was 30 : 50.
3.3 Using the capacitor charging method to improve the zeta potential of metal nanoparticles The silver-copper nanocomposite metal fluid was left to sit for a long period, until precipitates had formed. After the metal fluid was charged for 7 days, 14 days, 30 days, and 60 days, the Zetasizer nano system was used to observe the zeta potential of the charged fluid and that of the uncharged sample. Figure 10(a) shows the comparison results between the zeta potential of the metal fluid charged for 7 days and that of the uncharged sample. Figure 10 (b) displays the comparison results between the zeta potential of the metal fluid charged for 60 days and that of the uncharged sample. The particles were examined to determine whether they were suspended after charging, as shown in Table 6 .
As shown in Fig. 10(c) , once charged, the nanocomposite fluid had excellent suspension stability because of an increase in the absolute value of the zeta potential. Under an identical Table 5 Mass loss of positive and negative electrodes for various T on -T off ratios, and particle size and zeta potential for various ratios. precipitation duration, in comparison with an uncharged sample, the total number of nanoparticles was large. After 7 days of precipitation, the surface potential of the uncharged fluid was low, with a large number of nanoparticles, and therefore, the total count had decreased substantially. After 2 weeks of precipitation, the total number of charged samples decreased substantially. After 7 to 14 days, the particles discharged, and those with a low surface potential became precipitates, whereas those with a high surface potential remained suspended in the solution. After 30 days, the charged and uncharged samples stabilized, and the total count did not decrease. After 60 days, for the charged samples, the surface potential of most of the particles increased substantially.
Conclusions
The production of silver-copper composite colloidal metal particles combines the fields of motor control and materials science. Developments in nanotechnology lead to higher demand for nanomaterials. Nanofluids were fabricated through ESDM, and were examined using X-ray diffraction, Zetasizer, and SEM. The experimental results are as follows:
(1) In this study, the SADM was employed to fabricate silver-copper nanocomposite metal fluids. The discharging parameters and suspension stability of silvercopper alloys with excellent electrical and thermal conductivity were analyzed. Using the capacitor charging method, the nanoparticles were charged to obtain precipitates in order to improve their interfacial potential and to suspend the nanoparticles in the dielectric fluid. This study examined the characteristics of the nanofluids produced under various T on -T off ratios in the composite metals. By setting the parameters to have equal ratios, and by increasing the resting time, the optimal process parameters were determined, and the suspension stability of the charged nanoparticles was investigated. (2) The SADM was applied to obtain nanocomposite metal fluids at room temperature and 1 atm. The fluid particles were suspended in deionized water without adding chemicals. The metal fluid was produced at a low cost, and with great efficiency and speed. In the future, the demand for nanomaterials will increase. For this study, the mass production of nanomaterials was considered, in addition to environmental protection concerns. (3) In the experiment, a knob was used for polarity control, thereby permitting changes to the metal mass loss of the positive and negative electrodes as well as to equalize the proportion of silver and copper in the produced fluid. SEM was employed to photograph the nanocomposite metal particles, and to show that the fabricated fluid contained core-shell alloy particles. (4) When the SADM was employed, the electrical current (IP) was set to be constant. The discharging parameter was set as T on ¼ T off , and the material removal rate, particle size, and surface potential of the composite metal were examined. The results revealed that when the discharging parameter (T on -T off ) = 30 : 50, nanocomposite fluids with an optimal concentration containing small particles could be obtained. (5) Because the composite nanoparticles became precipitates easily, the capacitor charging method was used to charge the precipitated composite metal nanoparticles.
The experimental results revealed that the charged particles became suspended after gaining in potential. In addition, the suspension stability of the charged particles was excellent.
